The effect of pitavastatin on high-sensitivity C-reactive protein (hs-CRP) has not been reported, yet, in humans. We, therefore, investigated the effects of pitavastatin on lipid profiles and hs-CRP in Japanese subjects with hypercholesterolemia. Methods: The subjects were 178 Japanese with hypercholesterolemia, including 103 (58%) with type 2 diabetes. Pitavastatin (1 − 2 mg/day) was administered for 12 months. Serum low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), remnant-like particle cholesterol (RLP-C), triglycerides (TG) and hs-CRP levels were measured for 12 months. Results: Serum LDL-C and RLP-C levels were significantly decreased by 30.3% and 22.8%, respectively. Serum TG levels were decreased by 15.9% in subjects with basal TG levels above 150 mg/dl. Serum HDL-C levels were significantly increased. The administration of pitavastatin reduced serum hs-CRP levels by 34.8%. No serious adverse events were observed, including changes in glycosylated hemoglobin levels of diabetic patients. Conclusion: These results suggest that pitavastatin significantly improves lipid profiles and reduces proinflammatory responses, without adverse effects, in Japanese subjects with hypercholesterolemia, including those with diabetes mellitus. 
Introduction
The 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (statins) are well known to reduce circulating low-density lipoprotein cholesterol (LDL-C) levels by inhibiting de novo cholesterol synthesis in the liver and thereby inducing the bexpression of hepatic LDL receptors 1, 2) . However, in clinical trials, the overall reductions in cardiovascular events following statins appear to occur much earlier and to a greater extent than expected from the levels of LDL-C lowering alone 3, 4) ; therefore, it has been considered that statins have pleiotropic effects independent of the reduction in circulating LDL-C levels 3, 4) , including anti-inflammatory effects [5] [6] [7] [8] .
Numerous studies have suggested that low-grade inflammation has a pivotal role in atherosclerosis 5, 9, 10) . Prospective studies have indicated that high-sensitivity C-reactive protein (hs-CRP) is an important risk factor for atherosclerotic cardiovascular disease 5, 9) . Ridker et al. demonstrated that slight elevation in hs-CRP could lead to the evolution of atherosclerosis in humans 5, 9) . We previously demonstrated that hs-CRP is associated with insulin resistance and fibrinogen levels in nonobese Japanese type 2 diabetic patients 11) . Athough few studies have investigatied the effect of statins on hs-CRP in humans, some conflicting reports exist. Several studies indicated that statins reduce hs-CRP levels 5, 10, 12, 13) ; however, one study failed to demonstrate the inhibitory effect of a statin on hs-CRP levels in diabetic subjects 14) . Pitavastain is a synthetic strong statin, whose molecular structure is similar to atorvastain and rosuvastatin 15) . There has been a single report about the effect of pitavastatin on lipid profiles in humans 16) . Although several studies demonstrated that pitavastatin, as well as other lipophilic statins, has anti-inflammatory effects in vitro [6] [7] [8] 17) , the effects of pitavastatin on inflammatory markers, including hs-CRP, have not been reported in humans in vivo to the best of our knowledge.
In the present study, therefore, we explored the effects of pitavastatin on lipid profiles as well as hs-CRP levels in Japanese subjects with hypercholesterolemia, including those with diabetes mellitus.
Patients and Methods
This study was a 12-month, multi-center, prospective, open-label study. Japanese patients, who met the following inclusion criteria: serum total-cholesterol (TC) ≥ 220 mg/dL, and triglycerides (TG) 400 mg/dL, were recruited. A total of 209 Japanese subjects were enrolled, of which 31 were excluded because they did not follow the protocol. As a result, 178 cases were investigated. Pitavastatin in a dose of 1 − 2 mg/day was administered [1 mg/day in 44 cases (25%) and 2 mg/day in 134 cases (75%)]. Before the administration of pitavastatin, no lipid-lowering medications had been administered in 111 cases (62 %), whereas other lipid-lowering drugs had been prescribed in 67 cases (38 %; 27 pravastatin, 18 atorvastatin, 10 simvastatin, 8 fluvastatin, 1 rosuvastatin, 2 bezafibrate and 1 fenofibrate cases), all of which were withdrawn at least one week before the administration of pitavastatin.
Blood samples were obtained at the beginning and 3, 6 and 12months after the administration of pitavastatin. Serum TC, LDL-C, TG, HDL-C, glucose, glycosylated hemoglobin (A1C), aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine, and creatinine phosphokinase (CK) were measured by standard techniques. Remnant-like particle-cholesterol (RLP-C) and hs-CRP were measured by immunoaffinity gel (JIMRO, Japan) and N Latex CRP (Dade Behring Marburg GmbH, Marburg, Germany), respectively.
Continuous variables are shown as the mean S.E.M. when the distribution was normal. Statistically significant differences among groups were analyzed by paired t test. When the distribution was skewed, statistically significant differences among groups were analyzed by Wilcoxon signed-rank test. The JMP Software computer program (Version 5.0 for Windows; SAS Institute Inc., Cary, NC, USA) was used for all statistical analyses. P values 0.05 were considered significant.
This study was approved by the local ethics committee, and informed consent was obtained from all participants before the study.
Results
Basal characteristics of the 178 patients are shown in Table 1 [age: 62.0 0.9 years, 83 men (47%) and 95 women (53%)]. The mean body mass index (BMI) and fasting glucose levels of the subjects were 24.5 kg/m 2 and 126.0 mg/dL, respectively. The participants in this study included 103 cases (58%) of type 2 diabetes, 62 cases (35%) of hypertension, 7 cases (4%) of peripheral arterial disease, 12 cases (7%) of cerebral infarction, and 32 cases (18%) of coronary heart disease. Serum LDL-C levels were significantly decreased by 32.6%, 31.0% and 30.3% after 3, 6 and 12 months, respectively (Fig. 1A) . Serum TG levels were significantly decreased by 17.7% and 15.9% after 3 and 12 months, respectively, in subjects whose basal TG levels were more than 150 mg/dL, although serum TG levels were not significantly changed in overall subjects (Fig. 1B) . Serum HDL-C levels were significantly increased by 3.1%, 5.9% and 2.6% after 3, 6 and 12 months, respectively (Fig. 1C) . In subjects whose basal HDL-C levels were below 40 mg/dL, HDL-C levels were increased by 16.2%, 22.4% and 19.0% after 3, 6 and 12 months, respectively (Fig. 1C) . Furthermore, serum RLP-C levels were significantly decreased by 14.0%, 20.2% and 22.8% after 3, 6 and 12 months, respectively (Fig. 1D) .
Serum hs-CRP levels were significantly decreased in 31 subjects after 12 months (median: 0.69 mg/L to 0.45 mg/L, 34.8%, p 0.01, Fig. 2A) . Pitavastatin similarly decreased hs-CRP levels in subjects with diabetes mellitus (median: 0.59 mg/L to 0.36 mg/L, 39.0%, p 0.05, Fig. 2B ).
There was no significant correlation between changes in LDL-C and hs-CRP levels even after transformation of hs-CRP values into a logarithm after 12 months (r 0.124, p 0.39). We also found no significant correlation between changes in hs-CRP and changes in serum TG or serum RLP-C levels during the study (data not shown) and there were no serious adverse events. In a subgroup of diabetic patients, there was a slight and statistically insignificant decrease in A1C after pitavastatin treatment for 12 months (7.0% to 6.9%, n 80, p 0.07). A: Effect of pitavastatin on total cholesterol (TC) and LDL cholesterol (LDL-C) levels. B: Effect of pitavastatin on triglyceride (TG) levels in all subjects and in subjects with basal TG levels of more than 150 mg/dL. C: Effect of pitavastatin on HDL cholesterol (HDL-C) levels. Data in subjects with basal HDL-C levels less than 40 mg/dL are indicated separately. D: Effect of pitavastatin on remnant-like particle cholesterol (RLP-C) levels. 
Discussion
The present study demonstrated that pitavastatin improved serum lipid profiles in Japanese subjects with hypercholesterolemia: a decrease in LDL-C, an increase in HDL-C, a decrease in RLP-C, and a decrease in TG among those with higher basal TG levels. The improvement in lipid profiles was compatible with a recent report on pitavastatin in Japanese subjects 16) , although, in the present study, LDL-C levels before the administration of pitavastatin were lower (153 3 mg/dL) than in the previous report (183 21 mg/dL) 16) . Like other statins, pitavastatin has been indicated to have pleiotropic effects on vascular cells in vitro. In cell culture experiments, for example, pitavastatin is reported to reduce osteopontin expression in rat vascular smooth muscle cells 17) , suppress interleukin-8 (IL-8), monocyte chemoattractant protein-1 and endothelin-1 expression, enhance endothelial nitric oxide synthase expression 7) , and inhibit CRP-induced IL-8 production 8) , thus showing its direct ant-inflammatory and anti-atherogenic effect. However, there have been no reports about anti-inflammatory effects of pitavastatin in vivo in humans.
The present study showed that pitavastatin lowered hs-CRP in patients with hypercholesterolemia. A recent study in Korea has showen that pitavastatin reduced mean hs-CRP levels from 24.6 to 16.5 mg/L by 8-week treatment 18) . In the present study, pitavastatin, at similar doses, significantly reduced hs-CRP levels in hypercholesterolemic subjects, including type 2 diabetes, with lower basal hs-CRP levels. These findings have been supported by previous reports which indicated anti-inflammatory effects of pitavastatin in vitro 6, 8) . There have been conflicting reports about the effects of statins on hs-CRP in vivo in diabetic subjects; one report did not show a significantly decrease in hs-CRP after atorvastatin 14) . Therefore, it is possible that diabetic patients are resistant to the inhibitory effects of statins on hs-CRP, although diabetic patients showed a significant decrease in hs-CRP after atorvastatin in a recent paper 19) . The present as well as the previous study 18) , also demonstrated that pitavastatin, a new synthetic lipophilic strong statin, lowered hs-CRP levels in hypercholesterolemic subjects, including type 2 diabetes. There was no significant correlation between pitavastatin-induced decreases in hs-CRP and LDL-C, in the present study with pitavastatin, as previously reported with other statins 9, 10, 12, 19) . We also found no significant correlation between pitavastatin-induced decrement in hs-CRP and those in RLP-C in this study cohort. Thus, it is suggested that pitavastatin may have direct anti-inflammatory effects which are independent of improved lipid profiles. A previous study showed thst non-responders, whose LDL-C levels were above 100 mg/dL after atorvastatin treatment, tender to be resistant to hs-CRP reduction by statin treatment 19) ; however, the present study did not show such a tendency but hs-CRP reduction to be independent of LDL-C levels after pitavastatin treatment (data not shown).
There were no serious adverse events in the present study, including A1C changes in subjects with diabetes mellitus. In contrast, atorvastatin has been reported to result in a slight but significant increase of A1C in Caucasian diabetic subjects, as shown by the Collaborative Atorvastatin Diabetes Study (CARDS) 20) . It has been shown that Japanese subjects with type 2 diabetes are mainly insulin-deficient rather than insulin-resistant 21) . In addition, Asians have higher plasma levels of statins than Caucasians 22) . Therefore, it is possible to speculate that Japanese subjects with type 2 diabetes may be more prone to worsening glycemic control due to, if any, adverse effects of statins on insulin secretion; however, the persent study indicated that pitavastatin did not significantly worsen glycemic control in Japanese diabetic subjects.
This study is limited by the fact that it was an uncontrolled study with a moderate number of subjects, especially a relatively small number with hs-CRP measurement. It is to be noted, however, that the subjects showed lower basal hs-CRP levels before pitavastatin treatment (median: 0.69 mg/L) than those in previous studies of Caucasians (median: about 3 mg/L) 5, 9) . In the Pravastatin Inflammation/CRP Evaluation (PRINCE) study, baseline hs-CRP levels were the major determinants of the change in hs-CRP levels after pravastatin 12) , indicating that anti-inflammatory effects of statins would be more pronounced in subjects with higher hs-CRP levels. It is intriguing that pitvastatin was able to reduce hs-CRP even in subjects with lower basal hs-CRP levels in the present study. Previous large scale cardiovascular event outcome studies with other statins have been conducted in Caucasians with high basal hs-CRP levels; therefore, it is of clinical importance to investigate whether pitavastatin can similarly reduce cardiovascular events among Japanese subjects with lower basal hs-CRP values than Caucasians 10, 23, 24) .
Conclusions
It is concluded that pitavastatin improves lipid profiles, including the reduction of RLP-C levels, and that it decreases hs-CRP levels independently of improved lipid profiles, without any adverse effects, in Japanese subjects with hypercholesterolemia, including type 2 diabetes.
